and the availability of rapid diagnostic investigations (ROC area=0.7164) had lower power in discriminating SU from GW. In Italy in 2003/04 only 9% of the hospital services had organised SU care. The study demonstrated that SUs admitted more than 100 patients per year, had more monitoring equipment and staffing time, and practised multidisciplinary meetings and early mobilisation. The utility of these structural and performance characteristics needs validation from outcome studies. [3] . Many stroke physicians claim that these delays in SU implementation are due to a shortage of adequate resources. But the general uncertainty about the best SU model is also a contributor to this delay. In fact, despite the meta-analysis providing evidence in favour of the comprehensive SU model, SUs currently implemented vary significantly in structure and organisation [4] [5] [6] [7] . Randomised clinical trials and other research have been used to evaluate the efficacy of the individual elements of care that would improve stroke patient outcomes [4, [8] [9] [10] [11] [12] . But clear evidence of the relative efficacy for different models combining different structural and performance characteristics is very poor [10] . New SU research is still necessary to identify well defined and measurable quality indicators, evaluating both structural and performance parameters, for outcome studies. Abstract The future challenge for improving stroke patients' outcome will be to implement new Stroke Units (SUs) worldwide. However the best SU model remains uncertain. The aim of this study was to evaluate the number of SUs and the quality characteristics of acute stroke care in Italy. We conducted a SU survey in Italy, interviewing the directors of the hospital wards that discharged at least 50 acute stroke patients a year. A SU was defined as an acute ward area with stroke-dedicated beds and staff.
The Project on Stroke Services in Italy (PROSIT) was undertaken with the goal of counting the number of SUs and measuring the quality of stroke care delivery across the country.
Methods

Definitions (see Appendix 1)
The definition of a Stroke Unit (SU) was an acute ward area with stroke-dedicated beds (at least 80% of admitted patients were stroke patients) and dedicated teams (at least one full-time physician and nurse were caring exclusively for acute stroke patients). A conventional General Ward (GW) was a ward (neurology, internal medicine, cardiology or other) admitting stroke patients in the same wards with others patients and without dedicated beds and teams. The hospital setting quality indicators were the presence in the same hospital of emergency, intensive care, neurosurgery, vascular surgery, cardiology, rehabilitation and neuroradiology departments. The quality indicators of unit setting included neurological management, the number of admissions per year, the number of sets of monitoring equipment per bed and the presence of stroke outpatient service. We measured the quality of unit staffing counting the numbers of full-time dedicated staff. We estimated the total number of operators in the ward per patient, separately for each health professional category. We did not calculate the person time per patient during a 24-h period because it varies according to the local shift organisation. The quality indicators of process of care were the declared use of physician and nurse protocols, the number of multidisciplinary meetings and the practice of early mobilisation. The quality of diagnostic investigations was determined by the availability over 24 h, seven days a week of brain CT scan, brain MRI scan, echocardiography, ultrasound and cerebral catheter angiography.
Data source
PROSIT is a study implemented from 1999 in Italy in order to evaluate the provision and the quality of stroke care. For the present study conducted on all 21 national regions we used the same standard methodology of the previous survey on seven regions [13, 14] . A list of all patients hospitalised during 2001 for acute stroke (DRG 14) together with the code of the hospital ward where they were admitted was obtained from the national Minister of Health facilities. Wards that discharged more than 50 DRG14 patients per year were identified. From May 2003 to April 2004 telephone interviews were performed with the medical directors of each ward. A few days before the telephone call they received a copy of the form (Appendix 1) to be used during the interview. Trained interviewers filled the forms during the telephone call. For the propriety of the information collected, all the data were supervised in collaboration with the regional clinical supervisor. A random sample of 44 interviews was performed twice. The second time a different interviewer went to the hospital site and interviewed the ward director face to face. There was complete agreement between telephone and faceto-face interviews for SU identification.
Statistical analysis
We conducted separate multiple logistic regression analysis for the five domains (hospital setting, unit setting, staffing, process of care and diagnostic investigations). The dependent variable was SU/GW condition. The quality indicators of each domain were the independent variables. The multiple logistic regression odds ratio (OR) and the 95% confidence intervals for each variable were calculated. The statistical significance of the overall effect of each domain in differentiating SU from GW was evaluated with the logistic regression x 2 statistics. We estimated the accuracy of the logistic model predictive value by measuring the area under the receiver operating characteristic (ROC) curve using the STATA 8.0 software.
Results
We identified 785 hospital wards that discharged at least 50 acute stroke patients per year. Thirty-three wards had been closed or merged with others since the interviews were performed, and seven interviews were refused. Thus, this study presents the results of 745 interviews of the ward directors from May 2003 to April 2004. Sixty-eight SUs were identified, all admitting only acute stroke patients and with at least one full-time physician and nurse. In the remaining 677 GWs, the stroke patients were managed together with other neurological or internal medicine patients. The 58 wards with only dedicated beds and the six with only dedicated staff (stroke team) were included in the GW group. Nationwide, 68 (9%) of the wards were SUs. The rates were lower in the central (10%) and southern (6%) regions than in the northern Italian regions (13%) (Fig. 1) .
Hospital setting quality
The contribution of the hospital indicators in differentiating SU from GW services was very low (ROC area=0.7033) (Fig. 2) . The only statistically significant differences for hospitals hosting a SU compared to the ones with a GW were the presence in the same hospital of a coronary unit and a neuroradiology department ( Table 1 ). The ORs below 1 for intensive care and neurosurgery department were the result of a multiple regression model adjustment.
Unit setting quality
The structural characteristic of the ward was the more important factor for differentiating SUs from GWs (ROC area=0.9721) (Fig. 2) . Seventy-five percent of SUs and 45% of GWs admitted more than 100 patients per year, and 87% of SUs and 7% of GWs had at least two sets of monitoring equipment for ten beds. Patient elevators (lifting equipment) at least one in every ten beds were available for 69% of SUs vs. 4% of GWs. Stroke outpatient clinics were activated by 78% of SUs and by only 26% of GWs. The odds ratios (OR) for these unit setting parameters were in favour of SUs and all statistically significantly different from GWs (Table 1) .
Unit staffing
The overall number of dedicated health operators was higher in SUs compared to GWs (ROC area=0.8760) (Fig. 2) . Ninety-one percent of the SUs had more than two dedicated medical staff per ten patients, 88% had more than 0.5 physiotherapists and 57% had more than 0.25 speech therapists. The OR for these variables was statistically significant (Table 1) . SUs also provided a better care organisation than GWs (ROC area=0.7984) (Fig. 2) . Early mobilisation was reported to be a common practice in SUs and less used in GWs. Multidisciplinary staff meetings were held in 90% of SUs and 56% of GWs. Outcome monitoring was applied in 81% of SUs and 47% of GWs. All these modalities of care delivery were statistically significantly different between the two types of units (Table 1) .
Diagnostic investigations
Overall the availability of diagnostic examinations 24 h a day, seven days a week, was less useful in differentiating SU from GW care (ROC area=0.7164) (Fig. 2) . Nevertheless, the opportunity to get a rapid ultrasound investigation was higher for SU wards (Table 1) .
Discussion
This study is the first systematic survey of stroke hospital services nationwide that includes all Italian regions. The study demonstrates that all regions except three had at least one SU (Fig. 1) and that nationwide 9% of acute stroke wards were SUs. The SUs admitted more than 100 acute stroke patients per year, had more than one set of monitoring equipment per five beds, and had about four full-time physicians and one physiotherapist per 20 patients. All SUs reported that they have multidisciplinary meetings and practice early rehabilitation. These findings, compared with our previous survey [13, 14] , show the tendency in Italy to increase the number and the quality of structures dedicated to stroke care. Nevertheless, the study demonstrated an overall shortage of stroke unit beds, which was clearer in the central and southern parts of the country. This geographic disparity, documented also by others [15, 16] , is not related to the variation of the population needs, because the stroke incidence in the south is similar to that of the northern regions [17] . A shortage of acute SU beds is also evident in many European countries where the percent of stroke patients hospitalised in a SU bed ranged from 5% to 40%. Access to SUs is quite good in Norway [18] , Sweden [19] , Germany [20] , Austria [21] and Scotland [22] , but is still patchy in France [23] , Hungary [24] , Italy [13, 14] , Poland [25] and Portugal [26] . In Australia only 23% of hospitals had a SU [27] . In Ontario hospitals, a SU existed in only 4% of acute institutions [28] . In the United States many hospitals do not have the necessary infrastructure and organisation for acute stroke care [29] [30] [31] . Thus, there is an urgent need to implement new SUs worldwide [32, 33] . Our study evaluated also the quality of stroke care provided in SUs and GWs. We considered the structural indicators (setting and staffing) as well as the performance indicators (process of care and diagnostic availability) because both types of parameters could influence the patient's outcome [34, 35] . Adherence to a process of care was evaluated in SUs with respect to stroke teams in single unit trials [36] and in SUs with respect to mobile teams or conventional care in a multicentre cohort study [8] . These two studies demonstrated that a closer adherence to a well defined process of care explains the effectiveness of SU hospitalisation. But whether the structural indicators had an influence on stroke outcomes has not been investigated in great detail. Only a few preliminary studies have been published, which indicated that monitored beds in the unit could improve acute stroke outcome [37, 38] . The present study has documented that the quality of unit structure and the number of dedicated persons, together with a good care organisation, clearly differentiated SUs from GWs. Nevertheless, further studies underway in Italy are necessary to fully demonstrate if a higher intensity of SU setting and staffing could significantly improve the stroke outcome.
The method used for conducting the present survey has several advantages. We used a standard identification of the wards that resulted in being unbiased and that provided a good description of clinical reality. Complete responses were obtained by limiting the length of the interview, including only questions that the respondents could readily address. The telephone interview reduced the cost and the time compared to a site visit interview. The standardisation of the questionnaire and the experience of the interviewers permitted us to obtain reliable results. We documented this by conducting a reproducibility study comparing the telephone and the face-to-face modalities. However, this type of study also has limitations. Reported availability of some facilities might differ from those actually used. This may be particularly true for the process of care parameters.
Despite these inherent limitations, the present study provides unique and important data reflecting distribution of the nationwide availability of stroke units and the quality of stroke care in Italy. We hope that these results produce a rapid broad-scale implementation of a well defined model of SU care. Furthermore, repeating this type of study periodically will provide a measure of effectiveness of efforts to improve the number of SUs and to maintain the quality of acute stroke care provision. 
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